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mm 

[irssis] 0011 

[XilftaXH 2003.08.20 
[^X-ll^ol^Wl G02B 

[^^§21 SEMICONDUCTOR OPTICAL AMPLIFIER WITH OPTICAL DETECTOR AND 

METHOD FOR MANUFACTURING THE SAME 

[#€!e!SH] 1-1998-104271-3 

[Qiaieii 

[ PI £1 &i M H 1 9-1 998-000339-8 

[SS^ae^SjS] 2003-001449-1 

[^@5J S^a:?ll LEEJeong Seok 

[^&ie^eJS] 680511-1657724 
[o^eis] 431-050 

3:'i£ &^g^Al m2}=p- m^m 1104 S6^4- §^o^u^M io6§ 

805S 

[^^1 KR 

[^s°i ^^a:>ii 2.§xi\ 

[^S2| OH.Yun Je 

[^eie^eis] 620830-1052015 

[^Seis] 449-915 

[^^1 eejAi =?^^ eiydi s^ahoi^ io2§ 202m 

[^^1 KR 
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[^S2J 9^s:>ll HWANG. Seong Taek 

[^SlS^eiSj 650306-1535311 

[^aejS] 459-707 

[^^1 mmA\ ^^m cA^omm. io2e 303s 

[^^1 KR 

oia^ (ei) 

20 3 29,000 S! 

[:'^<^lhs^sl 16 s 16.000 ^ 

0 21 0 ^ 

[fe'A^S^Sl 15 m 589,000 ^ 

634.000 ^ 
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^ "^^^ ^^#711- ^Hi^>^ avi^l %^^7]^ ^11 H^^s] tiVH^i 71^4; ^y] 

oViE^l 7l^ ^<H1 ^^«c}-*J= ^]^]^ ^£^1 W^7li4; ^71 tiVS^l 

^7l^ <Un^S. ^ ^■fl7l# ^^srM Z^-Z]- >^7l tiV£":^l ^^^7]^ "^^^ ^ 

i^^H ^^^^^ t!:^-. 
IE 2 

^^#71, rSSio]:^ 
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^^#711- ^«1*>^ ^^^7l ^ n >I12:«<J-^ {SEMICONDUCTOR OPTICAL AMPLIFIER 

WITH OPTICAL DETECTOR AND METHOD FOR MANUFACTURING THE SAME} 



£ 3^ £ 2^ i-r «j-^<^l icl-^- 



29-4 



0030057706 ^^ 'U^}: 2003/10/22 

<8> ^ti]:^O.S. ^^X\ Al>.Ejo1lAi, ^^7]S-^El ^^^^ ^^^S* -f-^ 

«fl<Hl <ajl =^^7loll nfloll^ B|-^^7> 2j-o>^l7ll ^uf. ^^7]<^] 

S]-^^7> i^^^^l oj^Volig, ^A] oil oil ^ ^^7} >| 

^ ^ ^1^. ^^7]S>\. ^Al7l >^1-«^1<=H] ^ ^^7l«- ^^^^ ^ 

S^ol :g.;g|l i:41<Hl ^>S-*>J1. ^ ^ 7]^^ ^^ 

<9> olel^ ^^^7]o\]^ EDFACErbium Doped Fiber Amplifier), ^^7] (Raman 

Amplifier), «]:3E.^1 % ^^7l(S0A)7> 9X^. 
<io> EDFA^ ^4i(c^l» #^ Er)7l- ^7^ ^-^^1- ^J^S. ^-^ 

^^^^1- ^-i- ^l=T^(Noise Figure; NF) , €■ i5}-#^s|-^K saturation output power) 

^ 7l:a-'?3-<^li4 i^lHS.(metro)°<j-'Hl ^l-g-s]<^ ^cf. ^s-IM-, 7^01 ^ 

<ii> Hi-nv f^^7l(Raman amplifier)^ ^^^-^ ^fl-^-H^i^ <=>]^^ ^^^7lolcl-. b]. 

'LV^^^ ^^^^<^1 ^91 ^^^(pumping light)^ ''^^m^ , Raman 
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scattering)^!! s^tfl s1-^o.^-^e^ lOOnm^S. ^^j-^^^l ols.(gain)ol uj-Efq-ji, o] 

^>J1 ^4. ^^^Jl#<^1 ofl^ ^Jl. JL7>^ 

71 H7l7> tH^IZL. 7>^* -a-^^l^l^ ^;*ll^ol ojcf. 

<12> tiV:£^l ^^#7l(S0A)^ «}-£^l2l ojs. s.^.^ 6. oi^^v ^o.s, ^^^] aS:E.-7j 

(band-gap)<^l 4^1- ^ ^£^1 ^^^7]^ ^ cm ^liflS ^^<5l^. ^ 

<13> H^^, ^^^7lfe -a^^-^S. ^^2! >^-fl7l7l- ^7>*>ia ^<^1 

£fl^^H ^^^m SZt=1-. 
<14> ol* ^^*>7l £ lofl v}^ ^2iB\~ o]^Jl^^ HV^^l ^^^71 (Gain 

Clamped S0A)7> ^IIa]^ h> o;[i:l.. 

<15> £ 1^ -^tiV^^ ^£^1 ^f^^7l (100)21 l^El-'^ >5b>7l 

^S-H ^^^71(100)^ n-InP 71:^(101), InGaAsP n^]^S.^-S.%^a02) , InP ^^]<^] 
>H(103), DBR ^;^>sflli(l04), «-^^#£s}-S.(105) , ^^:^m#(106), p-InP #2fl = #(107), ^ 
^^#;^-l*J-^ #ol7) p-InGaAs#(108). <+2^1-#(109) . ^^^^(110), *>^^^(111)^ 
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<16> ^7] o]^jL^ av^^l ^^^.y](loo)^ oj:^o^ DBRCDistributed Bragg Reflector) :^^> 

A)^- -^£^1-^ 1^1 B)ol ^^^l-D^ c^a] ^fl^o) A] 

^* ^ s)-^ A>oloflA^ 45}.^ 4i*a(four wave mixing) ^-^o] q-E^-u)- 

^71 oil ^^7lS^Ei -a^l- ^^«fl7l -^^ A>-g-srH 

(optical power )sl ^eltb ^ ^^^^M ^SJ^H ^^^^ «o^^^ ^>-§-^>:ii 9X 

^. 

<19> He-iM-. ^71 ^Efl7l#^ ^^^O.^..^ 0>7lAl7lJI oj^ 

n ^ ^^j^7> ^7HH 2-1-^ 7>^ ^^5^* ^-I^W^l^ ^^1^<^1 

9X^. 
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<20> rcl-el-Al. ^ ^^-^S^ ^^9] :^a.wfl7ll- Al-g-^l-^l :g-^^7lo^ ^ ^^cj 



^£^1 71:^3].; ^7] ^^^] 7]:s^ ^d\] ^^^^ ^^IJ"^ ^ 

^^■7]^; ^7l tiVH^i ^^^7l^ ^ >^fl7l» ^^^>7l ^7] 

^11 ^ ^12 ^^#7l# tb^-. 

^ ^-^f^^S. ^^^^^ tVcf. 

^-^^^>7l ^ ^^^^ ^^#7l# :g-^S.7l ;Hl 

^il}-'^^ (a)>lll :£^^S1 avs^l 7l^ «.2flll ^;^>1- ^^^3^>£l, c^l^€ ^ 

#71 o]9]o\ >^V7] H>£^1 71^ ^oll ^A^^>^ (b)'^7] ti.Eflli ^;^>7]- ^^^^ 
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Efl = #, ol^i-^f., #sfl^^^ 4^:4; (c)^l-7l ;^]2 #2fl^ 

^ ^oil D].>^a 3fl^* ^^^^>i], <^1^^€ <^l^f^ '^^^^l- <^l^f^ <^^o.^-^Ei ^^«J-*j=^ 

S. o]^s\o] o]^^^ ^^^^ ^>^H 5i|-^32|.; (d) 

^^ttb ^ ^oM ^1-^3 4^4; (e)^i-7l oj^f. oj^o^ 

<^^O.SSl ^^JiS.^ ^m*>^ ^^^^^ ^^^] (f)^7l ^ ^^#7l 

<26> £ 2^ ^ ^^S] <U ^Alofloil rc)-s. ^^#7l«- ^Uls:>^ 5g-^^7l(200)Sl 

* q-Ei-«vfl s^oiji, :£ 3^ s. 2^ i-i- «j-^oii rt).^ ^ia£<^m-. 

<27> ^^#711- ^al^]-^ ^iE^l ^#^71(200)^ a>£^l 71:^(201)^, J^efl^ ^t]- 

(202)3]-, n-InP ^]-^ #efl^#(203):4, ^£4^^(204)4, n-InP #2fl:B#(205)2f , ojs. 

^(206)3)-, p-InP #2fl^^(207)3l-. ^^(208)2)-, ^^^'(209)311-. ^^#71(220-1, 

220-2)1- i^^><^ ^^J^cf. (210)31)-, ^^(211)^ ^timi=f. 

<28> Aj-71 ti.Eflii ^x>(202)^ tfl^ :^o] :^;^l-(202) Aj-oji- ^^^j.^^ ^o.^ 
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sfl-^l ^^^€i=f. ^ ^^1<^1^ «-2fl^ ^:^1-(202)<^1 ^S.2|-S.#(204) o]-Efl<Hl ^^^^ ^-f 

<29> ^7] ^S.3X|-S-#(204)^ ^.Eflzi :^;^>f^(202)<H] S^tfl a:E.i-si 

* ^>ll^>Jl y.2flZL uVAVi- JL^^ o.^ ^}7] weflzi ^;<>f'(202)2l- ol^f^(206)«Hl>H^ ^ 

7^ ^In^l- 3711 ^>B^, oViE^l 7l:a:(201)Sl ^^1: ^rf ^^1-^ 

<30> 01^.^(206)^ oi^ ^^^1- ^^^M, J^sflu ^^l-(202)o] ^^^^^] <^^2l 

n-InP #2flS^(205) ^^il ^^^^c^. «^mf'(206) p-InP #Hfl=.f^( 207)0] ^^^^ 

<3i> ^7] ^^^>c]-^(208)^ <^l^f^ <^1^^ "^^^^^ ^l-^^><^ <^1^^(206)^ 

^«#-a- ^7}^^9]x^, 01^.^(206) ^ ^^^^^^(210)^ n-InP ^-^ #efl:^ 
^(205) ^<^1 ^^j^t:]-. 

<32> ^^(209)^ 01^.^(206)011 ^^1- 3.^ S.^ c^^o] ^ol^fss. 

"^-^^ n-InP ^1--^ #2fl^#(205) ^ofl ^^^^irf. 

<33> ^7l ^>a-^^<^^(210)^ ellol;^ S^ofl o^^fl rSi]o]7;\o] <a;^];^^l- s^^o.s.>i*l 
ol^Jl^^ tiVi^l % #^7l^ ol^. ^o. w^o. ^;^>(202)# Al-olo|l «.2flii ^ 

<34> .^71 ^^-g- ^^(211)^ ^>a-^€-'=g^(210)-^S- ol7>El^ ;$i<a-.g- 

^1^ ellol^c^o^ ^^3i)-;g-^ ^^^1^ ^ $Io.B^, ■¥l>a-^*<^^(210)^ ^^^m^(208) ^M- 
p-InP 9^^^i205) ^<H1 ^^^^1^. eflol^-lo^ ^^sl-^g-o] ^sl-sl^ ol^c^^o^ oI^-^a] 
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c] s}.^j-oil x^^ v^^7] ^^o\] ^«fl ^Att €^7> «V^7ll ^cf. oje-ltb ^2}-^ 

<35> ^7] ^^#71(220-1. 220-2)^ ^^^] %^^■7]9] <a^<0:£ ^ >Hl7l7> 

nfsf ols.j7>g-§. 5)1 c];^ #^2] ^^*>i=^. %^^■7]^ 

^ #^^4 <^1^^^ ^^^^t^. ^^#71(220-1, 220-2)^ «>iE.^l %^^7]9] 

<^1^f'(206)3if -^^^ ^^^Sln^, tiVs^l ^#^712] ojs.^ ^^^^ 0^*1- Alz]-Al ol 

#71 >g^V^^^ 71^1^1 ^Jl ^^^^ ^£^1 7]:^ ^ofl tiViE^l ^^^7]S>\. ^7^] ^^1- ^ 
^1^. ^^#7]^ *^^#(221) aVS^l ^^^71^ om^(206) ^}^7}^]S. p-InP 

-i-sfl:^f^(222) ^ ^^(223)ol 
<36> ^7] ^^#7l# ^til^V^ ^£^1 W^7l(200)5^ ^3)-^ Cf^ul)- ^cf. £ 2 ^ £ 3^ 

^i-i^V'a, '='i^^(206)<Hi ^"a^v^ <^m^i ^sqioiiAi oim^i 

^iEcfl^ ^ol7> •a'HM-^ ;^><a ^^(spontaneous emission) ^ ^S. ^^o] ols.o^;5^ 
7}:^y^}tii\s.^ ^olofl -O.;^ «j-#(st imuUted emission)<^l 

ol^#(206)<>ll^i ^^^5^1^ ^>^^^^«^1 ^Sll^i ^-^JS]^ ^^7> ^:£s|-S. (204)011 

. ^ ^<=H1 ^Hfl::i ^7•}^ ^^S^^ 'Jlr^^m ci^^(206) ^ ol^^ cy:^. 

-^S M^i^ ^^S.s^^i204)7} ^^^^ tiV^^-^S 5^^1s^>7ll ^a^. t!" ^ ^^1- 

n nVcf <:>l^#(206)-i- ^ ^-5^ ^1M-7>^A-1 ^s. ^^oil 2l«flA-l ^ol^l^ o.-£Hj.^oil <=>] 
^ ^icf. ol^#(206)^ ol^ol ^^o^ ^y^6\] nl-e^ ^7>^>oi ^^«J-*j=^SSl tl" ^ 

Al^^V^ ol^^o^ ^^>'iiE7|- Jl^SjD^ ^;^l-2l ol^-ol ^^^^7} ^7}t}v]sJ^S. tH o]^ ^7\ 
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^>^1 o]^^^^ ^^^^ &<^^^. ^^^^^ o]^^ ^^1- 711^ #7>«11^^ oj^o. 

^(A)-^S. ^^slJl. ellol;^-1oi ^3g«J-^(B)^S. ol^ol^cf. 

t!-^, «J:£^1 ^^^7lo11 ^^gslfe >0^S1 >^^l7l7> ^7HV^ «^]^^^^<^1 
Ai^o^ ^y]p]. olnfl ols.^;^-g-o.s -^V-g-^l^ W-Hfl^ ^^V eflol;^i^ #^ 

^ ^o^tH^o.^ #<H§7ll ^C?-. ols.j7;g^ ^^fl -^sl-^j-^cV c4-ji).;g-o^ eflol^-l^V;^] ^A^^ o] 

^^># ^^s:>7ll ^Cf. oj^Tll ^^>'a£7> #<H*igAi ^o]7^ sj-^o^ ^^o] ^O^^ 

s)-^^ >^fl7l7l- #<H-i-7l] ^cf. olufl ^3g«^^O.S ^^§>^ M]7]m: ^^«>^ ^^ij. 

^Jl^ ^^11- ^o>t^]^ ^^4^^ ^-1171^^ ^^^H >^^l7l«- <^ ^ ^ 

Cf. a*]:. ^^S^^^^ ^7]^ '^^^^S.7} ^ ^^^^71- ^^51 7}7^7}^ <^m^l^ 

3.7]^ <^^ojiA-loi Ai^o^ ^|7|sq. oVH^eii -B-^iti-c}-. o]e]*}. oj-g- 

*H ^^7l iii^Hl "y^sl^ Ai^s]- -.^^ Ai:^o:i ^^jyi^ ^ o^x:^ 

7l (200)^1 ;«fl^ai)-^^ SAlt!- ^<^lcl-. 

^Ti], S. 4a'Hl £^1^ H>fi1- ^o], n-InP 71:^(201) ^-Eflll :^^>» ^A^^>7l 

^^^o] cfs. #^(202')4 n-InP(203)l- ^<Hl ^^^tlri^f. 

£ 4h<^]^^, ^^^^"^^ <^]^^ o]^^ ^a^<^^(230) ^ ^ ^#7l <^^(220) ^ 

^'S-^€:*^^(210)# ;^l^^n-InP 71^(201) ^<Hl ti.eflzi ^;^>f^(202)* ^^^^cf. <^l«fl. ^ 
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^v^^<:g^(210)# ^^^^>^1 ^JL, o]^^ o]^^ n-InP 71:^(201) W-HflZL ^:^} 

#(202)^ ^S. 9X^. w.sflzL ^;^>#(202) s)-^d-?fl^efl<^l;H^l^i 

£ 4co11>«>^. ^7] ti.sflzi ^;^>f^(202) ^<^] n-InP *>-^#Hfl^#(203) . ^^^£3xl-S.f^ 
(204). n-InP ^o>^#Efl^#(205) , ^l^#^f^(206' ) ^ p-InP #Hfl^f^(207)^ ^>3^1s. ^^^tl: 
^. ol^^^^(206')^ ^aM- <y=^l-f#^^S ^^^J-^M, ^^^^ 2|-^H] afe)- o] 

<^1^^ 1-^^ S^*>71M- ol^f.o^ ^^^o.^'i^ ^^rfl«^ 

^ £^<H1^-1 € 711^^ 3.2flS^ ^^^£s|-^^(204) ifl^l p-InP S£fl:^f' 

(207)^ (band-gap)^ ^ol^f. ^^:=L ^^l-#(202)^ ^^^^^S. 

#(204)^ ^ o]-Eflofl ^ SlAx^. M. ^AHl^ ysflzi ^;^>^(202)ol 

#(204)^ o>efl<Hl ^^^^ ^-f«^li=f. :£^1*>^1^ ^9):^^ ^^]^ £4^.1- ^^^*>7l ^ 

^z]-;g^lf^(etching stop layer) ^^^^^^ ^7>^ ^cf. 

£ 4d<Hl^-1. -^71 p-InP #efl:c#(207) Si02, SiNx -^^ ^V^^i^ 3il]^(250)-a: ^^^^ 

^}d^3. 3iH^(250)^ ^^^^ ^^l^f- T^V^a 2fl^ (251)21- ^71 

ol^.^ nl-^a 3fl^(251)-2.S.^E.-l ^^^S. o]s.^o| ;gcf«-sq. 

<H1 5q-z]- ^A^^ ^^#71^1 ^^^-g- n>>ia 211 €(252, 253)^^ n^^^^^-. 

^#(206-)^ ^z^-^o.^>>*l 01^^(206)31-, %^^7]o]^ *^^f^(221)* ^^^^ ^ 

.^V7l ^€(250)^ ^iT^t!-^!-. 

S 4foflA-l, ^7] ^^^2^4r ^ ^6\] Si02 SiNx(208)* ^ 
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pV^H ^ -i-tH ^<a^ ol^<^«^ol =e^i47ll tl- ^ €^(209. 

223)^ ^^^tbcf. SEtl:. n-InP 71:^(201) ^}^^<^] tt^-C^^l ^-§-). 

^«fl ol^f^(206) ^ ^^#71(221) <^^^ ^^^]-^#(208)o] ^^^^^4. 

£ 4g<^l>«>i. ^71 (210)^1 ^^^mf^(208) ^<^1 ^^i-^€:-§- ^^(211)^ ^ 

waveguide type) ^Ai Bfl(burried hetero-structure)S.£. ^ 9X^. 

^ 71 (300)^ ^-^^^ ^Bl-*^ S^ojirf. 

£ 51- ^^^}^, ^7] tiV:£^l W^7l(300)^ 7l^(301):4, 

(302)2]-. p-lnP ^-f-#5fl:£f'(303)3l-, ^}-^#( 309)321-, ^£4S.f^(310)4. «-2fl^ 

(312)21-, p-InP ^^■¥-#2fl:^#(314)2l-, ^^(315)21-. ^^#7] ^ (340)2}-, ^^#7l-g- ^^i^ 
(317) ^ ^d'^^(319)^ ££*]:, (320)3]-, ^7] 

(320) ^ofl ^^(316)^ ^«lt!:^. 

^7] ^^^^ <^1^^^^ ^^«o^*J= ell<^l^i ^Sl- <=>1^:ei^ 

^71(300)^ £ 2^ £^;^1^ <^l^i^ ^-£^1 ^^^■7]mO)S]■ -^^}t}E.S. o]d\] ^ 

S. 6a ^fl:^l £ 6e^ £ 5^ o]^Jl^ ^V£^l ^#3.71(300)3] ;^l^ail-:^ 
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<5i> S. 6a<Hl -£^1€ w>sq. ^o] , n-InP 71^^(301) <5l^l-^#(302' ) , p-InP #Hfl 

= #(303)^ ^^^t!:cf. 

<52> s. 6b<HlAi, Si02 SiNx ^\^3.m o]-%-^ <i]z^-^^# ^i-Sfl <^1^4g o]^^ <^^(330) 

^ <^^(340)^ ^7] p-InP 1-Efl^#(303) ^ofl o>^3 4^(304)^ ^>^^*>J1 o]^ 

^^^\^3.S. ol-g-tb <^iz^-^^^ p-InP #2fl^f^(303), ol^l-^f^(302' ) . n-InP ?]% 

(301)* -a^^-^S ^ITI^H °1]^>^2:S1 01^.^(302). ^^#712] %>^^f^(341) ^ 
(305)* ^^^t!-^-. 

<53> £ 6c«fl^i, ^^7] ^z^-l^(305)<Hl p-InP#(306). n-InP#(307). p-InPf^(308)-^^ ^ 

^1-^^^(309)* '^HH, ^7l ^^^m^(309) ^<^1 n-InP 71:^(301)^ ^^Ir-acf 

-^^1-* ^ ^£Sl-S.f^(310)* ^^jtbcf. <^H, ^7l ol^f.(302)3z}- 

^(310) A>oHlAio^ S.^o] ^^^^ ^7] o]^f.(302)4 ^£3il-S-(310)^ o]^ ^o]^ 2 

(311) ^ ^^>* ^^^^ 1-^#(312') ^ p-InP #efl^f^(313)* 

<54> :£ Gd'HlAi, ^>^^^^^(320)* ^£4S#(310) ^oil ti.2flzL ^^K312)« 

cf*. p-InP #Hfl^#(314)* <a ^^1<^1^ ^>^7MS.. >a-7l ti.efl 

^ ^;^>(312)^ ^£s|-s^(310)^ ^ o>Efloii ^A^^ ^ 9X^^, ^ A 

^l-(312)7l- ^£sl-S.#(310)^ SEtl-, ^^€«-«^^(320)^ ^^^-l] 

^ -W2flli ^^1-(312) ^^J^J-'^^ '^^^'il 3|-^J-?-ll*efl<^l^i«^l^i ^\%^\ 
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<55> i 6e<HlA^, ^7] ^^1 >a-^oll cfA] p-inP m^^^OW-t ^^^-slJL, Si02 

SiNx ^^#(319)^ ^S^t!: 4^ n>>^,H ^ ^z^-^ ^^1- ^oj^ cg^^ 

711 ^ ^^(315. 316, 317)-i- ^^^t!:^-. <^1^, *^l^f'<H1 ^^1- ^^sr>7l ^tl" ^^(315)5!)- 
^^>^€-<=g^(320)<Hl ^^*>7l ^t!" ^^^^-g- €^(316) ^ ^^#7lS^ %>^^f^o11 ^ 

^1- ^^^}7l ^^(317)^ ^^^^S. ^^(315. 316, 317) ^, ^> 

7l p-InP #efl^#(314)^ ^^#*^^(330), ^^#7l<^^(340), ^-^-^^'^^(320) 

<56> ^ ^vi^o^ ^v^fl^ ^'^<^l^i^ ^^l^<y ^A] <:^lofl ^«fl ^ ^^^1 

'^^^l^i ^<HM-^1 ttS ^<H]^i 7M ^^o] 7>^^^ l-^oicf. zie^^s. ^ 

qeV oi ^^^^o^ i^^sq- ^^^-tt ^-i-cHl ^sfl ^^^<^> tl-cl-. 
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11 

^7l tiV:£^l ^^#7]^ ^ #^-^31 Si A-fl7ll- #^*>7l Zl-Z]- >^7l 

^1 ^^^71^1 <^^^^. ^ #^^0.^-^E-1 aj-*c!=-^^ ^7l tiV^^l 7]^ ^oll 

^ ^11 ^ ;H12 ^^#71* i^S^H ^^#7]* ^Wl*>^ tiV^^l 

^71. 

[^^^^1- 21 

^1 1 *J-<=H1 ^7l tiV^^l :^^^7l^ 

B]^l^ (ridge type)'^^ ^^-^^ ^^#711- ^wl^V^ aVS^l %^^7] . 
31 

<^1^^ Sl^l ^71 ^^^] 7]:^ -?1ofl o.^ ^A^^ jaeflu :5^:^>«4; 

^>7l ^oil ^^^^ £^^S] >^-^ #Hfl = #il-; 

29-18 



^^ '^T^: 2003/10/22 



^^^» ^^*>7i cn]^^^ o]^%^ <^^o^ m ^^^^ #efl^# ^ofl 

^1 3 *J-<^1 ^cH^^i, ^7] ^11 ^ ;^12 ^^#71^ 
5] 

^12 ^J- ^] 4 *J-<^1 $ic>lA-l, ^7] ^ ^12 %^#7l^ 

^y] ^<=H1 ^^^^ ;^12 #efl:^^aj]-; 

^7] ;^12 #2flS# ^<^1 ^^^^ ^12 i^*H ^^^^^ ^^1-2.3. *m 

^1 2 ^^H^i, ^7l 
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7] 
8] 

[^^*^ 91 

(buried hetero-structure)^^ ^^1-2.^ t}^ %^%7]^ ^^]^}^ ^ 

£^1 ^^#71. 
[^^^j- 101 
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(b) ^7] w.2flzL ^^}7} ^^^^ 5.^^^ aVS-^l 7]^ ^"^1 S.^^^ *f-^€-Hfl 

(c) -^M ^12 S^^sl #efl^# ^<H1 i^l-^a 3fl^^. ^-^^^l-Sl, d\]^^ o]^^ c^^3!\. ^ 
7] o]^^ <=^^o^S.^B\ ^^«}-^J:o.^ <=>]^^<=>] ^^-¥-5+ z^-zi- P> 

(e)^M o]s.^ oj^jo^ 0.^21 ^>^^m ^^^V^f^^ ^^^^m 4^4; 

[^j^lj- 11] 

>fl 10 %H1 ^'^l^i. ^oM U)^^^^ 

[%^^*ol- 12] 
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13] 

(c)^7l ^^^*>^ ^^3^; 

(f)^7l W.2flll ^7C>7> ^^^^ ^3: ^^1 ^^c^ ^12 iE^^sl ^5fl^^^ ^A^^y 
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14] 
15] 
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IS. 5] 

m 




is. 6bl 
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[S. 6d] 




340 



"^301 

IS. 6e] 




340 
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